This paper presents the results of a study applied to undergraduates in order to know how the cultural dimensions affect their perceptions of the acceptance and use of new technologies in a student-centered learning environment. A total of 85 undergraduate students from the Autonomous Indigenous University of Mexico (UAIM) participated in the study. Each student was asked to use a mobile augmented reality (MAR) application designed to learn Mayo language (language spoken in Northwestern Mexico). Afterwards, the students responded to a survey with items concerning the use and technology acceptance and about cultural dimensions of individualism and uncertainty avoidance. Structural equation modeling (SEM) was used to analyze the data collected from students. Results provide evidence that the individualism contributes positively to perceived ease of use of the MAR app, and uncertainty avoidance has no impact. The findings showed that the MAR system could be easily used if it includes a natural way to promote collaborative work. In addition, to gain the trust of students, the uncertainty avoidance needs to be reduced by enriching the help information offered for app use.
Introduction
Progress in transportation technology has facilitated human mobility. The mobility leads to increasing encounters among people with different cultural backgrounds, frequently grouped in different cultural identities. Individuals must have at least two main abilities known as intercultural competence and communication skills to succeed in these encounters [1] . The former refers to the ability to efficiently adapt to the new cultural contexts. The latter refers to the ability to share emotions and create a relationship of effective empathy through the ability to use language.
Intercultural competence is invaluable in educational fields. Schools offer opportunities to develop intercultural competence and communication skills. For example, at university, the undergraduates have the necessity to share information across different cultures and social groups. Therefore, the use of information and communication technologies (ICT), such as augmented reality (AR), could encourage great opportunities for cross-cultural collaborative work in almost all the topics covered in the learning environments [2] .
The effectiveness and efficiency of ICT deployment and its use are influenced by national and organizational cultures. During the last decades, culture has been one of the key constructs of research in a number of fields such as finance, learning, public relations, and decision making. In order to understand cultural differences, several models have been developed, such as global leadership and organizational behavior effectiveness (GLOBE) [3] , Hofstede et al. [4] , and 2
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Trompenaars and Hampden Turner [5] . There are a number of differences between these models including the time frame of data collection, the type of individuals studied, the number of companies, and the globalization of information. However, Hofstede model was selected in this paper because (a) it is leading cross-cultural research in various disciplines which use quantitative methods; (b) it allows comparing and contrasting the cultural characteristics of individuals against the cultural characteristics of their group, organization, and society; (c) it is flexibile; (d) it allows assessing a number of social trends and phenomena in a systematic way, among others [6, 7] .
Nowadays, one of the main forms of ICT is the mobile devices. These devices can offer a great quantity of opportunities in the field of education, because they can be used as a learning tool offering students the possibility of capturing real or simulated data and accessing a variety of information anytime and anywhere. According to Khan et al. [8] , the type of learning which allows learners to obtain learning materials anywhere and anytime using mobile technologies and the Internet is called mobile learning (m-learning). Mobile devices offer new opportunities to deploy applications aimed at developing intercultural competencies, because they offer portability and ubiquity. According to [9, 10] , the three main important aspects to use mobile devices in education are (a) portability, (b) instant connectivity, and (c) context sensitivity.
On the other hand, New Media Consortiums 2011 Horizon Report [11] has reported that AR is becoming a technical trend in higher education for making technology blend with virtual and real worlds and is expected to reach mainstream use in education. Current definitions of AR assert that "AR allows a combination of real world elements captured through a camera with multimedia elements such as text, images, video, or 3D models and animations" [12] . For this work, the definition proposed by Azuma [13] , who was a pioneer in this topic, was adopted. According to Azuma, AR is a system that fulfills three basic features: (1) a combination of real and virtual worlds, (2) real time interaction, and (3) accurate 3D registration of virtual and real objects.
In the past, AR applications were created for executing in personal computers. However, with the explosive development of powerful mobile devices, they have become convenient platforms for deploying AR applications, since they include a camera for capturing the real world view, powerful processors to recognize and track the objects of interest, and the capability of rendering and displaying 3D graphics and video. This new area is known as mobile augmented reality (MAR).
An opportunity to perform research that involves the topics mentioned above was detected inside the learning environment of the Autonomous Indigenous University of Mexico (UAIM), located in Northwestern Mexico. Due to its intercultural character, UAIM is focusing on supporting the preservation of indigenous languages. UAIM's main objective is to provide students, with different cultural backgrounds, with a set of student-centered learning tools that preserves their cultural identity. This leads to stimulating students communication skill in their mother language called Mayo and also in Spanish and English. The task of teaching-learning Mayo is typically developed face to face among teachers and students, and great linguistic wealth is involved. However, a problem emerges when the teacher is absent, because the student cannot continue with the learning process. The problem is mainly because the support material for teaching is based on oral traditional media owned by the instructor. Therefore, it could be convenient to design a tool to support students self-learning of Mayo language that can be used everywhere and anywhere, and this can be made by means of a MAR system.
In this paper, a MAR system called Lotería Mayo to support the Mayo language learning is presented. The most important features that system must fulfill are that it needs to be easy of use and take into account the cultural background of the student. Therefore, the technology acceptance model (TAM) extended with the cultural factors of Hofstede model was used to evaluate the MAR system acceptance by 85 students from UAIM.
The rest of the paper is organized as follows. In Section 2 the concepts related to the impact of cultural issues on mobile applications, the use of MAR for learning, and theories about TAM and cultural dimensions are provided. In Section 3 a description of the MAR application is offered. In Section 4 the evaluation of the MAR system is presented, including the objective, the hypotheses, the experimental design, the procedure, the results, and the discussion. Finally, Section 5 presents the conclusions of this research work.
Theoretical Background
In the following subsections, several important theoretical concepts related to the study presented are briefly explained.
The Impact of Cultural Issues on Mobile Applications.
Mobile devices offer new opportunities to deploy applications aimed at developing intercultural competencies, because they offer portability and ubiquity features. Several authors have linked the use of mobile devices with the elements related to culture and technology adoption.
The work proposed in [14] reports on gender patterns identified in a cross-national study of mobile phone use by university students in Sweden, USA, Italy, Japan, and Korea. The set of data was collected from multiple countries to compare the role of gender versus culture (to the extent culture corresponds with nationhood) in use of and attitudes towards mobile telephony. Data were analyzed with respect to the purpose of communication, politeness issues, contact management, and volume of use. Results indicated a number of gendered usage and attitudinal patterns. However, in some cases, cultural variables may prove to be more explanatory than gender.
The study presented in [15] examined the impact of cultural differences on mobile phone adoption patterns. The Hofstedes cultural dimensions were used to examine cultural differences of USA and South Korea, and the Bass diffusion model was used to delineate innovation and imitation effects on mobile phone adoption. The results show that in USA culture innovation factor has a significantly higher level of Mobile Information Systems 3 effect on adoption than it does in South Korea culture; and in South Korea culture imitation factor has a higher degree of effect on adoption than it does in USA culture. These findings imply that, in individualistic cultures, people tend to seek information on their own from direct and formal sources, whereas, in collectivistic cultures, people rely more on subjective evaluation of an innovation, conveyed from other like-minded individuals who already have adopted the innovation.
The study presented in [16] examined the current state of the students attitudes towards mobile technology use for second and foreign language learning in higher education. Moreover, the study investigated if age, gender, or cultural factors affect these attitudes. A total of 345 students from two different countries, China (Yunnan University) and Sweden (Dalarna University), participated in the study. To access learners perceptions towards mobile technology use, the Kearneys pedagogical framework to mobile learning from a sociocultural perspective was used. Hofstedes cultural dimensions were used to approach students cultural views. The findings show the respondents attitudes towards mobile learning are very positive with individualization being most positive (83%) followed by collaboration (74%) and authenticity (73%).
The work in [17] focused on the value consumers can potentially gain from using mobile data services (MDS). The study contributes to the existing body of knowledge about the factors affecting the adoption of MDS, especially in Jordan. A value-based model was developed to investigate the effect of technological, social, and informational influences on mobile value dimensions and the effect of the latter on the adoption intention of MDS. Utilitarian and economic value dimensions are the best predictors of MDS adoption intention in Jordan, and mobile technology forms the strongest influence on people's perception of utilitarian and economic value dimensions. Social and informational influences were also found to be significant but at a lesser degree than technological influences.
In developing countries, especially in Africa, mobile banking can play a strong role, providing a way to overcome financial exclusion and physical distance by allowing local population to conduct financial transactions. An innovative and comprehensive theoretical model that combines the extended unified theory of acceptance and use of technology, with cultural moderators from Hofstede, providing new insights into factors affecting the acceptation and how culture influences individual use behavior was presented in [18] . The model was tested using structural equation modeling (SEM). Performance expectancy, hedonic motivation, and habit were found to be the most significant antecedents of behavior intention. To explain the mobile banking use behavior, the habit and culture moderator effects on behavior intention over use behavior were the most important drivers. Collectivism, uncertainty avoidance, short term, and power distance were found to be the most significant cultural moderators.
The qualitative study in [7] explores the factors responsible for creating economic barriers for 245 women in India, which prevent them from owning a mobile phone. Study findings reveal the specific ways in which cultural factors, like (1) the long power distance between men and women, (2) the gender role defined by Indian society for women, (3) womens attitudes of avoiding uncertainty, and (4) collectivistic practices, create economic barriers for the financially independent study participants. Due to the unfair economic disadvantages generated by the above cultural factors, it becomes challenging for the participants earning a little less than 2 dollars a day to own some of the least expensive mobile phone handsets worth 15 or so on installments of one dollar a month.
As mentioned before, several studies about cultural issues on mobile devices and applications have been presented in the literature; however, the cultural aspect is just beginning to be researched in particular with respect to the acceptance of using mobile technology in learning. Mobile technologies can provide new opportunities to learn a foreign language and include benefits such as flexibility, small size, low cost, and friendly use.
Mobile Augmented Reality and Its Use for Learning.
For the particular case of use of MAR in learning environments, the researchers such as those in [19] [20] [21] have suggested that the student can strengthen their learning based on the mixture of the real and the virtual practices. According to the study in [20] , MAR can enhance the traditional learning models. The work in [22] explains that the potential power of MAR as a learning tool is its ability to "enable students to see the world around them in new ways and engage with realistic issues in a context with which the students are already connected." In addition, the work presented in [23] shows that MAR is a promising tool for learning because of its ubiquitous availability and computing power offered by mobile devices. However, a challenge remains due to integration problems with traditional learning methods, costs in the development and maintenance of MAR systems, and resistance to the use and acceptance of new technologies.
MAR systems are classified into two types: (a) locationaware and (b) vision-based. The former presents digital media to learners as they move through a physical area with a GPSenabled mobile device. The latter presents the digital media (i.e., text, graphics, audio, video, and 3D models) to learners when they point the camera of a mobile device to certain objects (e.g., QR codes and images) [24] .
By all of the above, MAR can be a new way of learning which uses the unique capabilities of mobile devices (flexibility, mobility, and efficiency) in order to offer to the students the opportunity to continue the learning process inside and outside the classroom [25] .
Technology Acceptance Model (TAM).
In 1989, Davis proposed the TAM which is an information systems theory that models how users come to accept and use a technology [26] . The TAM suggests that the use of a system is a response that can be explained or predicted by the motivation of the user and is directly influenced by an external stimulus of the system features and capabilities [27] .
The TAM indicates that perceived ease of use (PEOU) and perceived usefulness (PU) are the two main beliefs that determine people intention to use (ITU) technology. PEOU refers to the degree to which a person believes that using a particular system would be free from effort, while PU refers to the degree to which the user believes that a system would improve his or her work performance [28] [29] [30] . In the TAM, the degree of technology acceptance is measured by the ITU.
In the literature, there have been several studies about the acceptance and use of technologies particularly focused on mobile devices [16, 25, 27, [31] [32] [33] [34] [35] . In most of the works, the TAM was used by adding particular aspects about limitations of the mobile applications and cultural dimensions [33, 36] . In this paper, the TAM has been used because it is considered as appropriate to predict student satisfaction in learning contexts.
Culture and Cultural Dimensions.
Culture was defined in [6] as the collective programming of the mind which distinguishes the members of one human group from another. Cultural factors are the established beliefs, values, traditions, laws, and languages of a nation or society. The factors are durable and transcending for the development of individuals and they suggest that all these factors can be found behind the different users while using and adopting a particular system [16] . Therefore, it could be of great interest to study learning environments where a mixture of students from diverse cultural backgrounds is included [37] .
The study by Hofstede is important because it reveals how people of different countries and cultures interact according to their cultural dimensions. Hofstede provides a values survey measure (VSM 2013) that includes six cultural dimensions to measure and compare different cultures, which are (1) power distance (PD), (2) uncertainty avoidance (UA), (3) individualism versus collectivism (IDV), (4) masculinity versus feminity (MASC), (5) long term orientation versus short-term normative orientation (LTO), and (6) indulgence versus restraint (IVSR) [38] .
PD is "the extent to which a society accepts the fact that power in institutions and organizations is distributed unequally." UA is "the extent to which a society feels threatened by uncertain and ambiguous situations and tries to avoid these situations by providing greater career stability, establishing more formal rules, not tolerating deviant ideas and behaviors, and believing in absolute truths and the attainment of expertise." IDV is "the degree to which people in a country prefer to act as individuals rather than as members of groups." MASC is "the extent to which the dominant values in society are masculine that is, assertiveness, the acquisition of money and things." LTO refers to "future oriented values like persistence and thrift, while a short-term orientation refers to past and present oriented values like respect for tradition and fulfilling social obligations." Finally, IVSR is "the degree to which culture facilitates to regulate the desires and motivation of basic needs." All the theoretical concepts described provide the basis for the development of the MAR system for learning Mayo language which will expand in the following sections. 
Lotería Mayo Application
The application created for this study was called Lotería Mayo. It is based on images and audio using MAR through a card game. The application was inspired by the traditional Mexican game called Lotería (lottery), which is similar to bingo but uses images on a deck of cards instead of numbered ping pong balls. The deck is composed of a set of 89 different images; the drawings in each card represent typical objects, animals, and people from the Mayo social group and were used as markers for the MAR system. All the drawings were provided by professors, in PDF format, who teach the Mayo language at UAIM. An example of several card images is shown in Figure 1 .
Before the start of each game, players choose what table (tabla) they want to play with. The table (shown in Figure 2 ) is a board with a randomly created 4 × 4 grid of pictures with their corresponding name. The game starts with the cantor randomly selecting a card and showing it to the camera of the mobile device; immediately, the process of recognizing an object starts by comparing the extracted features against the database of 89 objects previously defined as image targets. If a known object is recognized, then the real model is superimposed in the real scene, the corresponding audio with the pronunciation of the Mayo word is reproduced followed by an explanation in Spanish language, and the process of tracking is initiated. This process is repeated every time the camera points at a card which means that the student can repeat this process to learn. If the image of the card appears on the player table, the player marks the corresponding image with small rocks or beans. The process is repeated until the first player completes all the images in the table and shouts Lotería! An example of augmentation results can be observed in Figure 3 .
The system was developed with Unity and Vuforia platforms, and the camera of the mobile device was used to recognize the card drawings. The MAR system was initially installed for tests, on a laptop with Windows 7 operating system. Subsequently, the system was installed on a Sony Xperia Z1, on Asus and Samsung Galaxy tablets. The application can be executed on devices with Android operating system 4.2.1 and up.
Unity, that is, a multiplatform game engine created by Unity Technologies, was selected because of the facility of having control of the content of the mobile device in a local way. The visual environment of the platform provides integration with Vuforia that allows the creation of AR content, including the most important operations such as object recognition and tracking. The drawings of each card were defined in Vuforia as image targets and renamed using their respective word in Mayo language for easy identification. Then, a test to observe the capability of recognition for each object was executed, obtaining a great success. At the end, a digital image texture representing the real object for each drawing and its corresponding audio in mp3 format was assigned to each image target plane. An example of the real models superimposed on the card drawings is shown in Figure 4 .
Evaluation of Lotería Mayo
In order to explore the potentials and limitations of the system, a study was performed to assess the PEOU and PU that influence the ITUMAR system.
Objective of the Evaluation.
The aim of the study was to assess the MAR system through variables related to the perception and the cultural dimensions of the undergraduates to predict the ITUMAR system. The study is relevant because it will allow the process of system redesign including the characteristics of PEOU, PU, and culture of the students. This could increase the probability that the MAR system will be used inside the learning environments.
Research Hypothesis Development.
The TAM was originally designed to provide an explanation of user behavior when using information systems [28] . An objective of TAM is to establish the basis for tracing the impact of external factors, internal beliefs, attitudes, and intentions of users. The ITUMAR system is determined by PEOU and PU of the user. Therefore, the TAM can be used to identify the reasons why a system is unacceptable by the user and as a consequence design the appropriate corrective steps.
In this study, the TAM was used to observe the perceptions of undergraduates in the task of learning the Mayo language through a MAR system. The proposed model is an extension of TAM due to the addition of two cultural dimensions extracted from Hofstede model [38] .
According to TAM, the PU and the PEOU affect the student intention to adopt a new technology. In fact, the less effort the students expect to invest in using the technology, the more useful they perceive it to be [39] . Therefore, the following three hypothesis can be postulated:
( 1) Students PU of MAR will positively affect their ITUMAR system. According to Hofstede et al. [4] , culture is specific to the group or society and there is no absolute measure for evaluating it. Therefore, culture is described by external observers based on the manifestations of common practices and values. The common practices are composed of symbols, heroes, and rituals, and the values are considered as the core of the culture that is acquired and developed at an early age. Hofstede et al. refer to the set of culture values as the national value system. Hofstede's cultural dimensions are the tools used to measure the acceptance and use of MAR system according to cultural diversity of undergraduates [37] . In this study, the cultural dimensions of IDV and UA were selected, because of the conditions of the learning environment at the UAIM. In the daily environment of UAIM undergraduates, the students work individually or collectively faced with uncertainty of the new technologies. Therefore, according to [6, 15, 16, 40] , two hypotheses associated with cultural factors can be postulated: be defined as shown in Figure 5 . The opportunity of students to continue the learning process inside and outside the classroom can be improved and become more efficient by including the characteristics obtained from the results of the survey applied related to TAM, which predicts the ease of use offered by the MAR system. Another factor that also influences the use of the MAR system is the set of behaviors and languages learned by the student within his social group (cultural dimensions). The justification for relating IDV and UA with the latent variable PEOU has two assumptions: (1) the ability to take advantage of what students have learned to work collectively inside their social group and (2) the proper handling of uncertainty to new technologies, facilitating the use of MAR system through strategies such as collaborative or group work. Both assumptions can happen in the Lotería game.
The study was performed at classrooms of UAIM, located in Los Mochis, Sinaloa, Mexico. The sample consisted of a total of 85 indigenous undergraduates from different levels and academic programs, and a within-subjects design was used.
The session to perform the study consisted of an explanation offered to undergraduates about the goal of the research and the corresponding instructions to manipulate the MAR application. Afterwards, the students randomly selected ten cards from the deck of 89 cards and started the application use. Three tablets were used; thus 3 students could simultaneously test the application. After that, another three students would do the same; the process was repeated until all the students had a chance to test the application. The average time spent by each student was 5 minutes. Finally, with the goal of examining the hypothesis, a printed survey was filled in by each student in order to know their perception of the use of the MAR system. Data collection took place during the first week of July 2015.
The survey (shown in the Appendix) was designed and structured in three main sections. The first one is composed of three questions to collect student personal data such as age, gender, and ethnicity. The second one includes 9 statements regarding the PEOU, PU, and ITUMAR for learning the Mayo language, adapted from English version of "VSM 2013 questionnaire" [38] . Finally, the third one includes 8 items related to TAM cultural dimensions of IDV and UA.
The constructs were valued based on 4 different sevenpoint Likert scales: Scale A corresponds to the following: Table 1 .
The data analysis of this study was based on a SEM approach, because it can help to represent the relationships among the latent variables. The SEM has been proven to allow the simultaneous analysis for assessing the relationships among variables, and the errors for each variable can be independently estimated [41] . The structural model (path model) that visually depicts the hypotheses and the latent variables with their corresponding indicators is shown in Figure 6 . The indicators locked into rectangles correspond to the statements of the survey.
The SmartPLS 3 software, that is, a tool for partial least squares structural equation modeling (PLS-SEM), was used to examine the relationships between indicators and to confirm if the proposed hypotheses were valid. Before analyzing and discussing the SEM, the reliability and validity of the measurement model were checked through the indicators. It is necessary to determine whether the measures of the data have satisfactory properties such as internal consistency reliability, convergent validity, and discriminant validity.
Internal Consistency Reliability.
The goal is to obtain a measure based on the correlations among different items of the same instrument. It is important to measure whether several items proposed to measure the same general construct produce similar scores. Cronbach's alpha ( ) quantifies the internal consistency of the data through the degree to which 
Convergent Validity.
The convergent validity can be established by showing that measures that should be related are in reality related. Convergent validity is the degree to which a measure correlates positively with the alternative measures of the same construct. The items that are indicators (measures) of a specific construct should converge or share a high proportion of variance. Therefore, to measure the convergent validity, the average variance extracted (AVE) was used. The AVE is the average amount of variation that a latent construct is able to explain in the observed variables to which it is theoretically related. It is considered adequate when its value is ≥0.5; this indicates that, on average, a construct explains more than half of the variance of its indicators.
Discriminant Validity.
Discriminant validity is the extent to which a construct is truly distinct from other constructs by empirical standards. This implies that a construct is unique and captures phenomena not represented by other constructs in the model. Two measures of discriminant validity were used in this study, the Fornell-Larcker criterion and the cross loadings [42] .
The Fornell-Larcker criterion suggests that discriminant validity is established if a latent variable accounts for more variance in its associated indicator variables than it shares with other constructs in the same model. To satisfy this requirement, the square root of the AVE of each construct should be greater than its highest correlation with any other construct. On the other hand, the cross (outer) loading of an indicator on the associated construct should be greater than all of its loadings on other constructs.
Results.
From the total sample of 85 students, 49% (42) were male and 51% (43) were female. The predominant age of the students comprises the following: 45% (38) ranged between 20 and 24 years, 24% (20) between 25 and 29 years, and 11% (9) between 30 and 34 years. Regarding the question of membership to an ethnic group, 12% (10) of students responded with yes and 88% (75) said no. The corresponding values of , mean, median, and standard deviation for the latent variables of the proposed SEM are shown in Table 2 .
As can be observed in Table 2 , values for this research ranged from 0.701 to 0.921; therefore, the reliability of data is valid. Furthermore, the internal consistency of the latent variables oscillates between good and high values, which were ranged from 0.60 to 1.0. The computed values of AVE for each latent variable are shown in Table 3 . Table 3 shows that all the AVE values are higher than 0.5, which defines a positive correlation and as a consequence convergent validity. The Fornell-Larcker values computed for the proposed model are shown in Table 4 , and the cross loadings values are shown in Table 5 .
As Table 4 demonstrates, the AVE square root for each construct is greater than its shared variance with any other construct. Furthermore, as can be observed from Table 5 , the outer loadings of a construct are higher than all its cross loadings with other constructs; therefore discriminant validity is supported. Once confirming that the data in the indicators and variables were reliable and valid, the next step was to evaluate the results of the SEM. This involves examining the model predictive capabilities and the relationships between the constructs. For this, the significant level of the path coefficients, the coefficient of determination ( 2 ), and the total effects of each latent variable were computed. The estimation of path coefficients in SEM is based on ordinary least squares (OLS) regressions of each endogenous latent variable on its corresponding predecessor constructs. The path coefficients may be biased if the estimation involves significant levels of collinearity among the predictor constructs [41] . Therefore, it is important to measure the level of collinearity inside the model. Two measures were computed to do this: the tolerance (TOL) and the variance inflation factor (VIF). The TOL represents the amount of variance of one formative indicator not explained by the other indicators in the same block. The VIF is a measure of the degree of multicollinearity among the latent variables that are hypothesized to affect another latent variable. It measures how much the variance of an estimated regression coefficient is increased (inflated) because of collinearity. A TOL value of 0.20 or lower and a VIF value of 5 and higher, respectively, indicate a potentially harmful multicollinearity problem. The software statistical package for the social sciences (SPSS) was used to compute the TOL and VIF values of the proposed model; the results obtained are shown in Table 6 .
According to VIF values in Table 6 , there are no critical levels of collinearity, except for two indicators: PEOU3 and CF2. Moreover, the TOL values for 7 of the 17 variables are not ≥0.2; however, 15 variables are <5 for VIF. Therefore, the multicollinearity problem does not need to be solved.
The PLS-SEM algorithm applies partial regression models to estimate and represent the hypothesized relationships between the latent variables [41] . The estimated path coefficients values range between −1 and +1. Coefficients close to +1 represent strong positive relationships, whereas strong negative relationships are defined when the values are close to −1. The 2 coefficient is a measure of the predictive accuracy of the model; it took into account the weight of each indicator to identify which specific element should be addressed to suggest positive action. The corresponding values between relationships and 2 are shown in Figure 7 . The significance level of the path coefficients can be found in two ways: the first one consists in comparing a critical value against a value of theoretical student; the second one consists in verifying whether within the limits of the intervals of confidence the zero value is included. The significance level of a path depends on the standard error coefficient for computing the critical value of compared with the theoretical value of = 1.96 with an error of 5% for a twotailed -test.
In addition to computation of values, several researchers report the value to measure the significant level of a path. PLS-SEM assumes [41] that the data are not normally distributed; this involves using a nonparametric bootstrap procedure to test if the outer weights, the outer loadings, and the path coefficients are significant in the analysis. The bootstrapping routine uses 500 samples with random coefficient values to achieve a distribution that can be seen as a reasonable approximation of the distribution estimated coefficients, and the standard deviation can be used to calculate the standard error through software. The computed values for , standard error, confidence intervals, of latent variables, and significance level are shown in Table 7 .
From Table 7 , the limits of the confidence interval variable latent paths for IDV and PEOU were calculated as follows: the lower limit: 0.599 − 1.96 * 0.260 = 0.089, and the upper limit: 0.599 + 1.96 * 0.260 = 1.108. The value of 0.599 corresponds to the original value of the coefficient. 1.96 is the critical value of for an error of 5%, and the value of 0.260 is the standard error. The values of the outer weights for each indicator are shown in Table 8 , whereas the indirect and total effects of latent variables are shown in Tables 9 and 10, respectively. Finally, according to Hofstede VSM 2013 manual, the cultural factors were also calculated. The IDV index was obtained with
The UA index is obtained with
To calculate (1) and (2), the averages of each indicator must be computed. ( ) and ( ) are positive or negative constants used to ensure that the index is inside the range of 0-100. The indices obtained for students of the UAIM are shown in Table 11 .
Discussion.
The sample size of the study was 85 students, and the latent variables used were UA, IDV, PEOU, PU, and ITUMAR. After the analysis of the data collected, seventeen indicators were obtained: 8 related to cultural factors (4 for UA and 4 for IDV), 4 related to PU, 3 related to PEOU, and 2 related to ITUMAR.
The characteristics of the data such as sample size, nonnormal, and the use of different measurement scales, were the main reasons to use PLS-SEM in this study. PLS-SEM works efficiently with small samples size and complex models, because it reaches high levels of statistical power with the samples available [41, 43, 44] . The work in [45] presents the criteria to take into account to establish the minimum size of the sample to have valid data by means of PLS-SEM. A synthesized version of the criteria established by Cohen, in a form of table, can be found in [41] , and it was used in this study. According to the five independent variables, a minimum value to detect 2 of 0.25 and an estimation of 5% error probability were selected. As a result, Hair et al. suggest Table 12 .
It should be noted from Table 12 that the model proposed accomplishes all the accepted criteria; therefore, the interpretation of the results can be performed. As can be observed in Figure 7 , the path coefficient relationship of IDV contributes to PEOU with a positive value of 0.599, and UA contributes with a value of −0.189 which is not statistically significant. According to Table 6 , the indicators CF2 and PEOU3 have VIF values greater than 5, which means that those indicators have critical levels of collinearity. However, the indicators were not removed from the survey because, in Table 8 , those indicators have a significant value.
The current research findings confirm that ITUMAR can be predicted by PU and PEOU, and PEOU is influenced by IDV and UA. The direct effects emphasize that PEOU and PU attained a strong positive direct influence on ITUMAR; therefore, hypotheses ( 2) and ( 3) are supported. PEOU is influenced positively by IDV; as a consequence, ( 4) is supported. Also, it is important to mention from Table 9 the positive influence of IDV on PU and ITUMAR. The UA with a path coefficient near to zero has no positive effects on PEOU.
The outer weights computed in Table 8 for UA have no significance, and its index calculated for the students is high according to Table 11 , which means that UA does not contribute to PEOU of the MAR system, and as a consequence hypothesis ( 5) is rejected.
The variable PU has a negligible affectation path coefficient relationship of 0.063 on ITUMAR, and it is not significant for an error level of 5%; therefore ( 1) does not hold. This means that the influence of PU on ITUMAR is minimal or almost null.
Although ITUMAR2 indicator is not really an intention to use this particular system, its benefits were designed for the particular context of UAIM. The UAIM students are responsible for its learning; therefore, the learning activities must be performed even when the professor is absent. The essential parts of the MAR application such as the interaction and interface can be reused to design other learning activities.
The main variables with their coefficient relationships and the determination coefficients for accuracy prediction of the model are shown in Figure 7 . The IDV and UA have no 2 values because they are exogenous variables, which means that they are not caused by another variable in the model. ITUMAR have a 2 value of 0.594, PEOU equals 0.219, and PU equals 0.550. Therefore, ITUMAR and PU are considered moderate and PEOU value is considered weak. The total effects between the variables are shown in Table 10 . The relations between PU→ITUMAR, UA→ITUMAR, UA→PU, and UA→PEOU are not statistically significant, which reaffirm the level of significance coefficients obtained in Table 7 and the outer weights of indicators obtained in Table 8 .
As can be observed in Table 11 , the IDV variable has always low values (<50) for all cases. Those values indicate that, in this study, students tend to be more of collectivists. Regarding UA, it should be noted that all values are high. Those values indicate that, in this study, students have great uncertainty of the unknown (new technology). This leads to the conclusion that the system could be used easily if it offers/promotes, in the future, a natural way for the collaborative work. For example, at least two users are working at the same time, on different devices, with the application. This will exploit the ability of the student to work in a collaborative way. In addition, the system could include help offered by other participants to have more trust in the system use and as a consequence reduce the UA of the student.
Conclusions
In this study, a novel approach to the assessment of the effects of the adoption of a MAR system for Mayo learning by undergraduates students was presented. The study was based on analyzing the interaction between the variables related to perception of cultural dimensions and variables related to the ITUMAR system. The application of the Lotería game was based on AR, where students interact directly with the educational content by relating images and audio. The application plays a recording message with the name of the object in the card to assist learning. The application was tested on mobile devices running Android operating system. According to the analysis of data collected from students after using the MAR system, the IDV as a cultural dimension has great influence on the ITUMAR system.
In the future, the goal will be to extend the study by increasing the number of undergraduates, creating subgroups by gender, age, and cultural differences to relate it with the ITU, and including the perceived enjoyment (PE) variable. It will also be important to work with the system redesign to support collaborative or group work. This will lead to harnessing the positive elements related to IDV index of students. The consequence of promoting teamwork could be the reduction of the uncertainty that is presented when the student uses a new technology. Finally, because the indicators related to UA used in this study were treated as a social group type, it will be important to review these indicators for each individual. This could improve the accuracy of the measurements obtained.
(PU4) I think that using the MAR system will helps me learn.
Perceived Ease of Use
(PEOU1) The design of the interface and the information provided by the MAR system is clear and easy to understand.
(PEOU2) It is easy to operate the MAR system.
(PEOU3) Overall I feel it is easy for me to use MAR system.
Intention to Use the MAR
(ITUMAR1) I will intend to use the MAR system for activities concerning the learning of Mayo language.
(ITUMAR2) The main principles of the system could be used for other learning activities.
Read the following statements and choose one of the following options for each statement: 1 Strongly unimportant, 2 Without unimportant, 3 Somewhat unimportant, 4 I do not know, 5 Somewhat important, 6 Important, 7 Very important.
Cultural Factors
Individualism (CF1) Have sufficient time for your personal or home life.
(CF2) Have security of studying.
(CF3) The study is interesting.
(CF4) My family and my friends respected my studies.
Read the following statements and choose one of the following options for each statement: 1 Very poor, 2 Poor, 3 Little poor, 4 Fair, 5 Little good, 6 Good, 7 Very good.
Uncertainty Avoidance
(CF5) Generally, how would you describe your state of health these days?
Read the following statements and choose one of the following options for each statement: 1 Usually, 2 Sometimes, 3 Little, 4 I do not know, 5 It is rare, 6 Seldom, 7 Never.
(CF6) How often do you feel nervous or tense?
Read the following statements and choose one of the following options for each statement: 1 Strongly disagree, 2 In disagreement 3 Somewhat disagree, 4 I do not know, 5 Somewhat agree, 6 In agreement, 7 Strongly agree.
(CF7) A person can be a good teacher even without knowing the answer to the question submitted to it relating to their work.
(CF8) The rules dictated by the school should never be broken, not even for the best interests of the school.
